Introduction
Traumatic brain injury (TBI) has been recognized as a significant public health problem, with an estimated 1.4 million TBIs occur each year, resulting in 1.1 million Emergency Department visits, 235,000 hospitalizations, and 50,000 deaths (Centers for Disease Control and Prevention [CDC], 2015; Corrigan, Selassie, & Langois Orman, 2010; Langois, Rutland-Brown, & Wald, 2006) . In addition to acute morbidity, an estimated 2% of the United States population (5.3 million people) currently suffers from long-term or life-long disability associated with TBI (Langois, Rutland-Brown, & Wald, 2006) . Incarcerated individuals are over-represented in these data. While the prevalence of TBI in the general population is 8.5%, estimates for the prevalence of TBI among incarcerated individuals ranges from 41-60% (CDC, 2010; Farrer & Hedges, 2011; .
Another over-represented characteristic of justice-involved individuals is a history of exposure to violence across the lifespan. One study found that 64.5% of incarcerated adult male felons reported early childhood physical abuse, compared to a rate of 29.9% among adult males in a general population survey (CDC & Kaiser Permanente, 2016; Weeks & Widom, 1998) .
Regarding adult victimization, Wolff and Shi (2012) found that 31.5% of incarcerated males reported experiencing physical trauma as an adult. Another study reported that 21% of inmates had experienced physical victimization within a 6-month period during incarceration (Wolff, Blitz, Shi, Siegel, & Bachman, 2007) . In contrast, the prevalence of violence victimization in the general population is estimated to be 2.0% (Bureau of Justice Statistics, 2015) . All told, the rates of interpersonal violence in this group are much higher than the rates of violence victimization among the general population.
Considering women specifically, a national survey found that 23% of women in the general population report a lifetime history of physical violence by a partner, whereas prison wardens and healthcare workers estimate that 75-90% of incarcerated women have experienced intimate partner violence (Moracco, Runyan, Bowling, & Earp, 2007; Zust, 2009) . The literature on intimate partner violence in particular, suggests that women who are exposed to violence are at greater risk for TBI. In one study, 92% of women reported a history of being hit in the head or face during partner violence (Jackson, Philp, Nuttall, & Diller, 2002) . Valera and Berenbaum (2003) found that 74% of women in their study had sustained at least one brain injury related to domestic violence, and 51% had sustained multiple brain injuries related to domestic violence.
Additionally, Gagnon and DePrince (in press) found that 80% of identified victims of intimate partner violence in their study reported a lifetime history of head injury, with 65% of those head injuries caused by violence (i.e., child abuse, partner violence).
Exposure to violence among justice-involved individuals may be related to greater risk for TBIs due to that violence, or 'violence-related TBI'. There is no standard definition for 'violence-related TBI' in the literature. As Schopp, et al. (2006) pointed out, violence is a separate construct from mechanism of injury, and could be present in any TBI. Mosby's Medical Dictionary (2009, para. 2) defines violence as "great force, either physical or emotional, usually exerted to damage or otherwise abuse something or someone." In the present study, violencerelated TBI is defined as an alteration in brain function caused by an external force, exerted to damage or otherwise abuse an individual. With that, the only mechanism of injury that appears to clearly indicate the role of violence in incurring a TBI is assault, since assault is defined as a deliberate act to cause "injury to another person" (Wex Legal Dictionary, 2016, para. 3).
Some evidence indicates that violence-related TBI's are more prevalent among incarcerated individuals and are associated with poorer outcomes. Approximately 11% of TBIs in the US are due to assault (Corrigan, Selassie, & Langois; Orman, 2010) , while Australian and US studies have found the rates of TBI due to assault in justice-involved populations to be 37% and 38%, respectively; more than any other mechanism of injury (Schofield, et. al., 2006; Wall, Gorgens, Yeo, & Alexander, 2016) . Bruns and Hauser (2003) and Wenden, Crawford, Wade, King, and Moss (1998) both reported that TBIs from assault result in more severe injuries than many other etiologies, and many studies have demonstrated differences in recovery post-TBI. Gerhardt, Mellick, and Weintraub (2003) found that violent TBI survivors complained of more symptoms and did not reintegrate into the community as well as survivors of non-violent TBI. Similarly, another study found that participants injured by assault showed significantly poorer outcomes at six months relative to all other cause of injury groups combined (Wenden, et al., 1998) . Those authors posited that traumatic stress from the assault incidents and/or a greater severity of injury among the assault victims in their sample may have contributed to the poorer outcomes (Wenden, et al., 1998) . Additionally, Hanlon, Demery, Martinovich, and Kelly (1999) found that those injured by assault had poorer neuropsychological status at three to 40 months post-injury, and that 90% of the assault-related TBI group showed poor vocational outcomes at one year post-injury. And Schopp et al., (2006) found that, at one year post-injury, violently-injured TBI survivors showed poorer social productivity and social integration, as well as higher rates of public sector income sources relative to their non-violently brain injured peers. Finally, Bushnik, Hanks, Kreutzner, and Rosenthal (2003) found that, at one year post-injury, a violently injured group's unemployment rate and divorce rate increased more than any other group with TBI. This suggests that even those who had been engaged in productive activity prior to their injuries showed greater environmental, social, and economic instability post-TBI.
Another variable important to the discussion of TBI is gender. Research indicates that TBI outcomes, prevalence rates and mechanism of injury vary significantly by gender. While the research is somewhat mixed, several studies suggest that female sex is a risk factor for poor outcomes and that women have a higher rate of long-term disability. Bazarian, Blyth, Mooerjee, He, and McDermott (2010) suggested that women report significantly more post-concussive symptoms than men. Corrigan, Selassie, and Langois Orman (2010) also reported that the rate of TBI-related disability is significantly higher among women than men (49.5% vs 39.9%), and a meta-analysis of eight studies found that women demonstrated poorer outcomes on 85% of the 20 measured variables (Farace & Alves, 2000) . The prevalence rates of TBI are also very different for each sex. For example, research indicates that men are twice as likely to incur a TBI during their lifetime as women (Langlois, Rutland-Brown, & Thomas, 2004) but the male-female (M/F) ratio of TBI changes with life-course (Bruns & Hauser, 2003) . At the extremes of age, the M/F ratio is roughly equal, but in the adolescent/young adult age group, the M/F ratio can exceed 4:1.
Interestingly, in correctional settings, the "gender gap" in TBI closes significantly or disappears completely. Some research even indicates that the rate of TBI is higher among incarcerated women compared to incarcerated men. estimated a prevalence rate of 64.41% for men, compared to 69.98% for women. Fishbein, Dariotis, Ferguson, and Pickelsimer (2014) found a prevalence rate of 71.5% for women and 64.1% for men. Similarly, Ferguson et al. (2012) found a rate of 72% among women vs. 65% among men. Diamond, Harzke, Magaletta, Cummins, and Frankowski (2007) found that assault was the leading cause of TBI among women in their sample, causing 46.6% of TBIs sustained by women. In contrast, the leading cause of TBI for men was motor vehicle accidents (35.6%).
Assault was the second most prevalent cause of injury among men at 27%. Not only do rates and types of injuries appear to be different for incarcerated women compared to incarcerated men and non-incarcerated women, justice-involved women with TBI differ from justice-involved women and men without TBI in many other important ways.
According to Colantonio, et al. (2014) , incarcerated women with histories of TBI were more likely than incarcerated men to have sustained their TBI prior to their first criminal offense (54.3% vs. 31.7%). The women were also more likely to begin abusing alcohol or other substances after their first TBI (Colantonio, et al., 2014) . Additionally, incarcerated women with a TBI history were more likely than incarcerated men to have witnessed family violence, suffered abuse or neglect, or have a history of family alcohol or drug abuse (Colantonio, et al., 2014) . All told, incarcerated women are more likely to have histories characterized by violence victimization, all of which result in a higher risk of incurring a violence-related TBI.
These traumatic brain injuries may contribute to future violence and criminality in women. Several studies have demonstrated increased violence and criminality in women following TBI (Brewer-Smyth, et al., 2004; Colantonio et al., 2014; . Brewer-Smyth, et al. (2004) found that TBI with loss of consciousness, along with suicide attempts, recent physical abuse, and low cortisol levels were correlated with conviction for violent crimes, with number of traumatic brain injuries with loss of consciousness representing the strongest correlation. In fact, the authors note, "(t)he number of traumatic brain injuries with loss of consciousness was strikingly high in all subjects and significantly higher in those currently convicted of a violent crime." (p. 28). found that, in both sexes, inmates with medically-attended TBI had a higher rate of prison behavioral infractions than inmates without a history of TBI. Specifically, women with TBI had a rate of violent infractions that was 144% higher than women without TBI.
Present Study
Knowing that experiences of violence are more frequent among justice-involved women compared to their non-justice involved peers, that experiences of violence increase risk for TBI, that there is some evidence for increased rates of violence-related TBI among justice-involved women, and that violence-related TBI is related to multiple negative outcomes, it is important to understand the additional vulnerabilities associated with violence-related TBI among justiceinvolved women. A better understanding of the vulnerabilities associated with these injuries will help correctional mental health providers better tailor and deliver services to mitigate the adverse outcomes associated with these injuries.
The purpose of the present study is to confirm previously reported research suggesting an increased prevalence of violence-related TBI among justice-involved women. This study will describe the characteristics of justice-involved women who sustain these injuries. Additionally, this study will identify the additional vulnerabilities associated with TBIs among justiceinvolved women by investigating the physical health, mental health, and criminal behavior characteristics associated with violence-related TBIs in this at-risk population.
Methods

Research Design
The TBI Implementation Grant database, DU IRB Protocol #674894-2, was originally developed as a research and program development partnership between the University of Denver, the Colorado Department of Human Services Brain Injury Program, and multiple county jails and probation systems in the Front Range area of Colorado. The program identifies inmates and probationers who have a TBI history, provides cognitive screens to identify strengths and deficits, and offers intervention services and resources to qualifying participating individuals during probation or after incarceration, in addition to developing intervention programs designed for use during incarceration and providing a research database to better understand the needs and vulnerabilities of justice-involved individuals with TBI.
Data Collection
Assessments were completed at five county jails, one juvenile probation program and four adult probation programs in Colorado. Data entered through November 4 th , 2016 were included in these analyses. The sample consisted of 409 individuals total; 274 males and 135
females. Participant demographics are presented in Table 1 .
Study data were collected and managed using the REDCap electronic data capture tools hosted at the University of Denver (Harris, et al., 2009) 
. REDCap (Research Electronic Data
Capture) is a secure, web-based application designed to support data capture for research studies, providing: 1) an intuitive interface for validated data entry; 2) audit trails for tracking data manipulation and export procedures; 3) automated export procedures for seamless data downloads to common statistical packages; and 4) procedures for importing data from external sources.
Measures
The Ohio State University TBI Identification Method (OSU-TBI-ID; Corrigan & Bogner, 2007 ) is a standardized structured interview procedure used to elicit lifetime TBI histories from participants. It utilizes interview techniques designed to reduce the weaknesses inherent in selfreport methods (Corrigan & Bogner, 2007) . The OSU-TBI-ID has been demonstrated to have high inter-rater reliability, as well as acceptable-to-high test-retest reliability (Bogner & Corrigan, 2009; Corrigan & Bogner, 2007) . This study used a modified version of the tool, as described in Glover et al. (under review) . Participants were considered to have a significant history of TBI if they report a "first" TBI with loss of consciousness (LOC) before age 15, a "worst" TBI with LOC longer than 30 minutes, or a "multiple" TBI event, defined as "a period where three or more blows to the head caused altered consciousness OR two or more TBI's with LOC within a 3-month period" (Glover et al., under review, p. 16) . A semi-structured clinical interview was also conducted to gather history of criminality, mental illness, physical health, development, and self-harm.
The Automated Neuropsychological Assessment Metric Core Battery (ANAM; Reeves, et. al., 1992) The ANAM (Reeves, et. al., 1992 (Stern & White, 2003) . The test has demonstrated reliability and validity, including ecological validity in two TBI clinical population samples (Temple, Zgaljardic, Abreu, Seale, Ostir, & Ottenbacher, 2009; Zgaljardic & Temple, 2010) . The FIT is a test of visual memory malingering (Rey, 1964) . At the traditional cutoff listed in Strauss, Sherman, and Spreen (2006) , the FIT has been shown to have high specificity in identifying non-feigned performance (Reznek, 2005) . The Trail Making Test B:A ratio (Golden, Osmon, Moses, & Berg, 1981) has been demonstrated to have a sensitivity of 68% and specificity of 57% in detecting feigned impairment (Egeland & Langfjaeran, 2007) . Egeland and Langfjaeran (2007) note that these levels of sensitivity and specificity are too low to be useful as a sole measure of performance validity, but that the measure gains clinical utility as one of several measures of performance validity.
The M-FAST is a test to detect strategies of malingering symptoms among forensic populations (Miller, 2001) . In a correctional population seeking mental health services, the M-FAST was found to have high reliability and good validity as measured by high correlation with a previously accepted measure of malingering (Guy & Miller, 2004) . The VIP is a measure of performance validity using verbal and non-verbal forced choice tests (Frederick, 1997) . In a cross-validation sample, the VIP achieved a classification rate of 80% for the non-verbal subtest and 76% for the verbal subtest (Frederick & Crosby, 2000) .
Analyses
All statistical analyses were conducted using IBM SPSS Student BASE version 24
Software. Normality was tested using the Kolgomorov-Smirnov (K-S) test and evaluations of skewness and kurtosis. All continuous variables in these analyses were significant at p < .05.
Additionally, skewness and kurtosis values for all variables were unacceptably high. Since data were not normally distributed, nonparametric tests were used for all analyses.
The present study sought to determine whether the rate of violence-related TBI is higher than would be expected among justice-involved women compared to their justice-involved male peers and whether the nature of violence-related TBI among justice-involved women differed from justice-involved men. These researchers also sought to investigate whether a history of violence-related TBI was associated with other vulnerabilities, such as medical illness, mental illness, substance use history, suicide attempt, and neuropsychological deficits. Additionally, these researchers sought to investigate whether a history of violence-related TBI was associated with certain criminal behavior characteristics such as convictions for violent crime and longer length of incarceration. Finally, this study explored whether rates of comorbid vulnerabilities and criminal behavior characteristics were impacted by the nature of injury; i.e. whether women with violence-related multiple TBI had higher rates of comorbidities than women with single violence-related TBI, and whether both groups had higher rates of comorbidities than women with non-violence related multiple or single TBI.
The prevalence and incidence rates of violence-related TBI among women and men in this sample were calculated and reported. Men and women were compared using a Chi-square test of independence to determine group differences in prevalence, and a Mann-Whitney U test to evaluate group differences in median incidence. A Chi-square test of independence was used to determine whether gender was associated with occurrences of multiple TBI and violencerelated multiple TBI injuries. Mann Whitney U tests were used to evaluate group differences in median youngest age of TBI and median number of TBIs.
For investigation of vulnerabilities and criminal behavior characteristics, women were grouped by violence-related TBI history, and group differences were evaluated for reported mental illness, physical health problems, substance abuse, younger age of first substance use, previous suicide attempt, neuropsychological deficits, conviction for violent crime, and length of incarceration. Then, women were grouped by history of violence-related multiple TBI, violencerelated single TBI, and TBI not related to violence. Group differences were then evaluated for all variables. Chi-square analysis was used to evaluate group differences on medical illness, physical illness, history of substance use, suicide attempt, neuropsychological deficits, and convictions for violent crime. A Kruskall-Wallis One-Way ANOVA by ranks was used to evaluate group differences on median age of first substance use and median length of incarceration.
Neuropsychological deficits were defined as a score of "clearly below average" on any neuropsychological domain on the ANAM or a score of "Mildly Impaired" or below on any domain of the NAB. Consistent with the findings of Meyers and Volbrecht (2003) , individuals failing two or more performance validity measures were identified as providing suboptimal effort, and were eliminated from the neuropsychological deficit analysis. Additionally, individuals failing the embedded performance validity measure on the ANAM were eliminated as failure on the embedded measures invalidates the ANAM. Tables 2 -9 . An alpha level of .05 was used for all statistical tests. The sample consisted of 409 participants, 274 males and 135 females.
Results
Results of all analyses are represented in
Demographic data, including total number of TBIs and average number of TBIs per participant, are presented in table 1. The prevalence rate of violence-related TBI was 66.7% for women (n = 90) and 62.8% for men (n = 127). The incidence rate violence-related TBI was 38.4% for women and 36.6% for men. A Chi-square test of independence between gender and history of violencerelated TBI was not significant, indicating that gender was not significantly related to history of violence-related TBI in this sample (Table 2) . A Mann-Whitney U test indicated that there was no difference between the median number of violence-related TBIs for men and women (Table   3) .
Excluding missing entries, data from 348 participants were included in the analysis of gender difference in multiple TBI history. The Chi-square test of independence indicated that gender was weakly associated with history of multiple TBIs (Table 2) . Forty-nine participants had responses recorded for cause of multiple TBI. The Chi-square test of independence indicated that gender was very strongly associated with violence-related "multiple" TBI (Table 2) . A Mann-Whitney U test indicated no difference in the median total number of TBIs between men and women (Table 3) . A Mann Whitney U test also indicated no difference in the median youngest age of TBI between men and women (Table 3 ).
Of the sample of 135 women, all available data were analyzed, with cases of missing data excluded. A Chi-square test of independence comparing prevalence of physical health diagnoses between women with a history of violence-related TBI versus no history of violence related TBI indicated a moderately strong association (Table 4) . Women with a history of violence-related TBI were 4 times more likely to have a physical health diagnosis than women without a history of violent TBI. Violence-related TBI among women was, however, not significantly associated with mental health diagnoses, history of substance use, suicide attempt, neuropsychological deficits, and conviction of violent crime (Table 4) . A Mann Whitney U test indicated that there was no difference in the median age of first substance use between the women with a history of violence-related TBI and women with no history of violence-related TBI; however, length of incarceration (in months) was significantly greater for women with a history of violence-related TBI than those without a history of violence-related TBI (Table 5) .
When women were considered in three groups, violence-related multiple TBI, single violence-related TBI, and non-violence related TBI, Chi-square tests of independence indicated no significant differences on the variables physical health diagnoses, mental health diagnoses, history of substance abuse, suicide attempt, neuropsychological deficits, or convictions for violent crime (Table 6 ). There was also no significant difference between the groups on age of first substance use ( Table 7 ). The groups were significantly different only on their length of incarceration (Table 7) . Post-hoc Mann Whitney U tests with Bonferroni correction were used to analyze significant group comparisons (Table 8) . Specifically, there was a large difference in the median length of incarceration between the violence-related multiple TBI group and the nonviolence related TBI group. Additionally, there was a small difference in the median length of incarceration between the violence-related single TBI group and the non-violence related TBI group. There was no significant difference between the violence-related multiple TBI group and the violence-related single TBI group.
Discussion
The analysis of the TBI Implementation Grant data suggests that there is no difference in the prevalence and incidence of violence-related TBI between justice-involved men and women in this sample of justice-involved individuals in the Front Range area of Colorado. This study suggests an equal prevalence and incidence of violence-related TBI between males and females, a significant deviation from the trends in the general population.
Unfortunately, data regarding gender differences in mechanism of TBI both in the general population and the justice-involved population remain limited, and thus difficult to compare using rigorous statistical methods. This study is the most comprehensive examination to date focusing specifically on gender differences in TBI rates among incarcerated individuals.
Further study of gender differences in the mechanisms of TBI is needed, both for general and correctional populations.
These analyses revealed several significant differences between justice-involved men and women on the frequency of multiple TBIs and violence-related multiple TBIs. Women were 2.2 times more likely than men to incur multiple TBIs of any kind. Women were 7.7 times more likely to have multiple TBIs related to violence. These results suggest that even though men and women in this sample had the same prevalence and incidence of violence-related TBIs, the features and quality of these injuries varied significantly. Women were overwhelmingly more likely to have two or more violence-related injuries within close proximity to each other, which can increase both acute medical risk and possibly increase the risk of long-term effects due to TBI, depending on the frequency and severity of injuries (Shively, Scher, Perl, & Diaz-Arrastia, 2012; Theadom et al., 2015) .
The research regarding those long-term implications of multiple injuries over periods of years remains incomplete (Solomon & Zuckerman, 2015) . The injury patterns implicated as increasing the risk for long-term neuropathology are clearly demonstrated in this population.
Despite the relevance of the research into the cumulative effects of TBI to the justice-involved population, there is no research into the impact of cumulative injuries in this population.
O 'Rourke et. al (2016) has noted the lack of research in the justice-involved population regarding cumulative effects of multiple TBI for both genders, and this study further highlights the need for more research on the cumulative effects of multiple TBIs in women specifically.
This study revealed significant differences in physical health problems and length of incarceration for justice-involved women based on violence-related TBI history. The findings of this study have significant implications for clinical practice with justice-involved women. First, this research highlights the importance of screening for history of violence-related TBI in justiceinvolved women. Not only do women with this history appear to represent a significant proportion of justice-involved women, this research suggests that these violently injured women are at higher risk for physical health problems. Identifying women who have violence-related TBIs in the justice system can help clinicians identify individuals who may benefit from health interventions; chronic pain groups, or stress management, for example. Clinicians should provide health improvement and health education programming to help reduce systemic costs and burden created by these health problems.
The finding of longer incarceration histories suggests both a direction of future research and an area of potential intervention. Longer periods of incarceration may result either from multiple rearrests or from arrests for more serious crimes with longer sentences. The findings of this research, that women with violence-related TBIs do not have a higher rate of conviction for violent crimes, may suggest that their longer incarceration histories are due to rearrests. More research is needed to investigate this question. If women with violence-related TBI are at higher risk of developing histories of frequent or chronic incarceration, then early identification of these women may allow for earlier enrollment in programs designed to reduce recidivism risk and reintegrate individuals into the community. For example, provision of therapeutic interventions such as CBT may help reduce likelihood of rearrest (Landenberger & Lipsey, 2005) , and may therefore reduce the length of incarceration over the lifespan. In combination with other targeted services such as vocational and educational programs, the reduction in recidivism (and therefore lifetime length of incarceration) may be even more significant (Landenberger & Lipsey, 2005) .
Furthermore, identifying these women as having a history of TBI can help direct even more specialized services, such as cognitive rehabilitation and accommodations that may help women benefit more fully from targeted health and vocational programs (Cicerone, et al., 2005) .
There are several limitations to this research. Because these data were collected in jails and probation systems along the Front Range of Colorado, they may not fully represent the larger population of incarcerated or justice-involved individuals. Particularly, the demographic makeup of participants in this study was different than the national incarcerated population as a whole.
According to the Prison Policy Initiative (2014), white individuals comprise 39% of the national incarcerated population, African-Americans comprise 40%, and Hispanic individuals comprise 19%, with no data provided for other ethnic groups. In this study, white participants were overrepresented by more than 10 percentage points, while African-Americans were underrepresented by more than 25 percentage points. This study should be replicated with justiceinvolved individuals in other areas to ensure a more complete representation of the entire population of justice-involved women, particularly with more representative demographics.
Additionally, racial differences in rates of violence-related TBI have not been thoroughly explored in men or women, and could be investigated in future research (O'Rourke, et al., 2016) .
Another important limitation involves the inclusion criteria and injury reporting. The original purpose of the data collection was to identify and treat individuals who may be vulnerable to complications resulting from TBI. While the severity of injury is one factor involved in determining risk, the addition of other factors such as younger age of first TBI and multiple TBIs resulted in a mixed sample that included the entire range of injury severity, even though individuals who incurred only mild TBIs as an adult were screened out of this sample.
This limits the comparison between the results of this study and the results of other studies, such as the prevalence and incidence rates presented by the CDC, which include all reported TBI injuries regardless of severity (CDC, 2015) .
This study was also limited by the small number of participants who did not have mental illness or substance abuse histories. Only ten women of 135 reported no history of mental illness, and only one reported no history of substance use. Mental health and substance use histories were so prominent that these variables likely could not be adequately analyzed. Given previous research documenting the significant association between these variables and TBI, and among women specifically, these variables clearly warrant further investigation with more robust, heterogeneous data (Colantonio, et al., 2014; Ray, Sapp, and Kincaid, 2014) .
This study planned to stratify patterns of vulnerabilities between women with multiple violence-related TBIs, single violence-related TBI, multiple non-violence-related TBI, and single non-violence related TBI but the limited availability of multiple non-violence related TBI among female participants prevented that analysis. Those two cases were consolidated into the nonviolence group. A larger group of women with non-violence related multiple TBI would allow meaningful comparison of women with similar injury patterns with and without the presence of violence.
Regarding the neuropsychological data, two neurocognitive screening methods were used. This study attempted to compare the data by setting similar cutoff scores and evaluating only the presence or absence of impairment in any domain. Future research should re-visit the question of group differences in overall neuropsychological performance as well as domainspecific deficits using a consistent assessment method. 
Conclusion
The body of research investigating the intersection of violence, gender, and justiceinvolvement suggests that TBI is a significant problem in justice-involved individuals, that violence-related TBI is common, and that these injuries may present special concern for justiceinvolved individuals' abilities to function in the community (Bushnik, et al., 2013; Shiroma, Ferguson, & Picklesimer, 2010; Wall, et al., 2016) . Additionally, a limited body of research suggests that there are unique concerns regarding the injury histories and vulnerabilities of justice-involved women (O'Rourke, et al., 2016) . This study expanded on that research by exploring questions proposed by O'Rourke, et al. (2016) . Specifically, this research investigated the prevalence and injury patterns of violence-related TBI among justice-involved women, and explored the associations of these injuries to other vulnerabilities and criminal behavior characteristics.
This study documents a prevalence rate of 66.7% of lifetime history violence-related TBI and an incidence rate of 38% for justice-involved women. These data reflect an overrepresentation of violence-related TBI among justice-involved women compared to women in the general population; however, these comparisons are limited by the varying criteria used for documenting TBI from study to study (O'Rourke, et al., 2016) , and by the fact that direct statistical comparisons to the general population could not be made. Additionally, this study revealed differences in the pattern of violence-related injuries suffered by women and men, with women being 7.7 times more likely to experience violence-related multiple TBIs. The higher frequency of multiple injuries in these women may increase their risk for developing neuropathological conditions as they age (Shively, Scher, Perl, & Diaz-Arrastia, 2012) . Finally, this study revealed differences in the physical health and lifetime histories of incarceration between women with violence-related TBI and those without, where violently injured women are more likely to experience health problems and serve longer incarcerations.
This study suggests many directions for future research, including the investigation of the impact of multiple injuries and the specific vulnerabilities in greater detail. Those vulnerabilities, physical illness and incarceration length, can also serve as specific targets for programming and clinical intervention, as described previously. This study also has important implications for policy and clinical practice with justice-involved women. The staggering prevalence of these injuries and their documented comorbid problems underscores the importance of implementing standardized screening procedures to identify these women and provide the opportunity for early intervention. TBI represents a significant concern among all justice-involved individuals. A specific focus on the needs of justice-involved women, with their unique injury patterns and vulnerabilities, will allow for targeted programs that can improve both personal and social outcomes. 
Tables
